form a gradient 2 and to thereby activate concentration dependent signalling 37 responses 3, 4 . 38
Luciferase under the control of BMP-responsive elements (BRE) 37 . Since zebrafish EVs 134 might not actually be endocytosed by HEK293A-cells, we verified the uptake by 135 labelling the EVs using PKH26 and imaged EV-treated cells after 5 h ( Figure 2H ). The 136 cells showed a large number of fluorescent punctae, resembling endosomes, inside 137 their cytosol, thereby indicating EV uptake. HEK293A cells were transfected with 138 pGL3-BRE:Luciferase and pIS2-Renilla and subjected to a 16 h-treatment with either 139 PBS or EVs isolated from zebrafish at bud stage. The EV-treatment resulted in a 140 significant, dose-dependent increase in luciferase activity indicating that EV-delivered 141 BMP indeed is able to activate BMP-dependent transcription ( Figure 2I ). 142
EV-transport of BMP2/4 is required for BMP-signalling during development 143
To address the hypothesis that BMP signalling is reduced by inhibition of EV-secretion, 144 we used Nkx2.5, a transcriptional target of BMP2/4, as a readout to measure BMP-145 activated transcriptional activity in Rab35-morphants. Whole mount in situ 146 hybridisation (WISH)-stainings of nkx2.5 at the 7-somite stage (7SS) resulted in a 147 typical staining with two parallel stripes along the midline, representing cardiac 148 progenitor cells, in wildtype zebrafish embryos and control morphants 38 ( Figure 3A) . 149
In Rab35-morphants we found the nkx2.5-positive areas to be smaller and situated 150 more laterally ( Figure 3A) . Quantification of the nkx2.5-staining showed a significant 151 reduction of the nkx2.5-expression to a median of 36.9 % (Quantiles (25 % -75 %): 152 12.4 -87.8 %) in Rab35-morphants as compared to wildtype zebrafish embryos. These 153 results suggested that inhibition of EV-secretion results in reduced BMP-mediated 154 transcriptional activity. 155 8 A well-observable and strong BMP-signalling event during early zebrafish 156 development happens in the tail bud during tail development 39 . We used whole 157 mount immunofluorescence stainings to detect phosphorylated Smad1/5/9 158 (pSmad1/5/9) in the tail bud of 7SS zebrafish embryos as an additional measure of 159 BMP-signalling activity ( Figure 3C ). Again, while levels of pSmad1/5/9 were 160 indistinguishable in wildtype and MO-Cntr-injected zebrafish, Rab35-KD significantly 161 reduced the overall Smad1/5/9-phosphorylation in the tail bud to 45.4 % (Quantiles 162 (25 % -75 %): 28.4 -77.0 %) ( Figure 3D) . 163
Taken together, these experiments strongly suggest that EVs play a crucial role in 164 mediating BMP signalling activity and that EV-mediated BMP signalling is significantly 165 involved in early cardiac progenitor cell induction. 166
Endoderm cells secrete EVs containing BMP2/4 167
BMP2 responsible for activating the transcription of Nkx2.5 in cardiac mesoderm cells 168 is known to originate from the endoderm [40] [41] [42] . Since the EV isolation protocol for 169 zebrafish embryos does not allow purification of EVs originating from a specific tissue 170 or cell type, we used the mouse endodermal cell line End2 as an endodermal in vitro 171 model 43 . Using western blotting, we verified the purity of the End2-EVs purified from 172 cell culture medium ( Figure 4A ). Western blotting also confirmed that BMP2/4 was 173 present in EVs isolated from End2-cells. The purity of End2-EV isolates was further 174 asserted by electron microscopy ( Figure 4B ) and NTA measurements ( Figure 4C Here, we report that BMP2 and/or BMP4 are transported by EVs during zebrafish 223 development, a mechanism that was essential for BMP-dependent morphogenetic 224 signalling during zebrafish development. We further provide a mechanism of 225 tethering morphogens without lipid-modification to EVs. 226
Morphogenetic signalling has been investigated for over a century and while it is 227 commonly accepted that diffusion gradients are a hallmark feature of morphogen 228 signalling, the mechanisms behind the formation of morphogen gradients are still not 229 definitely resolved 8, 52 . Differences in morphogen gradient formation do not only 230 occur between different morphogens, but also between morphogenetic signalling 231 events facilitated by the same morphogen. The Dpp-gradient during the dorso-232 ventral-patterning in drosophila, for example, is formed within 30 min by an active 233 shuttling mechanism involving Sog 53, 54 . In the imaginal wing disc on the other hand, 234 the Dpp-gradient needs 4 h to form, which is thought to happen by a different unaided 235 mechanism 55 . Several additional models were proposed based on experimental 236
observations. This includes the Source-Sink-model 7, 56, 57 , the Counter-Gradient-237 model 56-58 , restricted diffusion 11, 12 , transcytosis 59 , cytoneme transport 60 and more 238 recently also vesicular transport [14] [15] [16] 61 . This role of EVs in morphogenetic signalling is 239 by now a well-established mechanism after Wnt-proteins and Hh were found in EVs, 240 a mechanism that allows these lipid-modified proteins to diffuse efficiently without 241 unspecifically binding to membranes [14] [15] [16] [62] [63] [64] [65] [66] [67] [68] [69] . Furthermore, the secretion of BMPs in matrix vesicles, a specialized type 248 of EV that is involved in bone formation was reported earlier by Nahar et al. 61 , further 249 supporting our findings. 250
The phenotypical changes observed in zebrafish embryos after Rab35-KD suggest that 251 EV-transport is essential for BMP-signalling during embryonic development. The finding, that EV-associated BMP2/4 is secreted by the endoderm, is intuitive, since 266 the endoderm was already described to be responsible for secreting freely diffusing 267 
EV Purification of Cell Culture Medium 307
Cells were grown to 70 % confluency. The medium was exchanged with fresh medium 308 containing FCS, that was depleted from EVs by centrifugation at 100,000 g for 18 h 309 and successively filtered through a 0.2 µm filter. After 24 h the conditioned medium 310 was collected and EVs were isolated by ultracentrifugation following the protocol 311 described by Gross et al. 14 . 312
Nanoparticle Tracking Analysis 313
The EV pellet were resuspended in PBS. Particle counts and size distribution were 314 measured using a NanoSight LM10 (Malvern Instruments) equipped with a 405 nm 315 laser. 316
Electron Microscopy 317
EVs resuspended in PBS were prepared for electron microscopy following the protocol 318 described by Théry et al. 28 319
OptiPrep Gradient Centrifugation 320 EV pellets were resuspended in 500 µL Homogenization Media (0.25 M sucrose, 10 321 mM Tris-HCL, (pH 7.4)). 40 %, 20 %, 10 % and 5 % OptiPrep/Homogenization Media 322 solutions were prepared. The gradient was created by layering 3 mL of the 40 %, 20 % 323 and 10 % OptiPrep solutions and 2.5 mL of the 5 % OptiPrep solution in order. The EV 324 sample was layered on top of the gradient. The gradients were ultracentrifuged at 325 100,000 g for 18 h at 4 °C. Fractions of 1 mL were collected beginning from the top of 326 the gradient and diluted with PBS. EVs in each fraction were isolated by 327 ultracentrifugation at 100,000 g for 3 h at 4 °C. 328
Imaging EV uptake 329
For labelling with PKH26 (Sigma Aldrich) the EV pellet was resuspended in 1 mL 330 Diluent C. 2 µL of PKH26 was added and the samples were incubated for 30 min at 331 room temperature. Afterwards the sample was diluted by adding 11 mL of PBS. The 332 labelled EVs were collected by ultracentrifugation at 100,000 g for 3 h at 4 °C. The EV 333 pellet was resuspended in PBS. Cells were treated with 50 ug/mL of PKH26-labelled 334
EVs. Life-cell imaging was performed 5 h after treatment. The whole mount in situ hybridization was performed as previously described by 344
Thisse et al. 75 The probes to detect nkx2.5 were generated using the primer pair 345 5'-CGGGACATACTGAACCTGGA-3', 5'-TCTCCCAGACACGGTTTACC-3'. Staining intensity 346 was quantified using Fiji (ImageJ). Images were contrasted consistently in each 347 experiment. Each stained area (both heart fields) was segmented manually. The area 348 EVs resuspended in PBS were divided into two equal parts of which one was treated 363 with 2 mIU/mL Heparinase 3 in reaction buffer (20 mM TrisHCl, 0.1 mg/mL BSA, 4 mM 364 CaCl2 (pH 7.5)) and the other with reaction buffer for 3 h at 37 °C. EVs were isolated 365 from samples by ultracentrifugation with 100,000 g for 3 h at 4 °C before further 366 analysis. 367 
